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(57) To remove the crosstalk component from a 
focus error component in an optical pick-up 
apparatus having tracking and focus error de- 
tectors, the outputs of the individual elements 
of a photosensor (14A) for tracking servo are 
added to the difference between the outputs of 
the diagonally arranged elements of a photo- 
sensor (9) for focus servo, thus yielding a focus 
error signal. This design eliminates the need for 
electrical filters which have conventionally been 
necessary to separate and extract the crosstalk 
component from the focus error component. 
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The present invention relates to an optical pickup 
apparatus in an optical recording medium player, and, 
more particularly, to an optical pickup apparatus 
which includes a focus error detector and a tracking 
error detector. 

In general, disk players which play an optical re- 
cording medium, such as an optical video disk or a 
digital audio disk, (hereinafter simply called "disk") in- 
evitably require so-called focus servo and tracking 
servo to always converge an information reading light 
beam correctly on the recording surface of a disk. The 
focus servo controls the position of the objective lens 
in the direction of the optical axis of the objective lens, 
which irradiates a light beam on the recording surface 
of the disk, so as to reduce the positional error of the 
objective lens to the focus position along the optical 
axis of the objective lens or reduce a focus error. The 
tracking servo controls the position of the objective 
lens, which irradiates a light beam on the recording 
surface of the disk, in the radial direction of the disk 
with respect to the recording tracks so as to reduce 
the positional error of the objective lens to the record- 
ing tracks or reduce a tracking error. 

Fig. 1 illustrates the structure of an optical pickup 
apparatus including those servo systems. 

In the diagram, the laser beam from a semicon- 
ductor laser 1, which generates a single read beam, 
is converted into a parallel laser beam by a collimator 
lens 2. This parallel laser beam is irradiated via a 
beam splitter 3 to an objective lens 4. The objective 
lens 4 condenses this parallel laser beam into a fo- 
cused laser beam and irradiates this beam toward an 
optical disk 5. This focused laser beam is reflected by 
the optical disk 5, and the thus reflected laser beam 
is converted into a parallel laser beam by the objec- 
tive lens 4. The parallel laser beam enters the beam 
splitter 3 to be directed to a polarizing beam splitter 
(hereinafter, referred to as PBS) 6. The PBS 6 sepa- 
rates the light beam from the beam splitter 3 into P 
and S polarized lights. The P polarized light from the 
PBS 6 is condensed to be a focused laser beam by a 
detection lens 7. This focused laser beam passes 
through a cylindrical lens 8, forming a spot on four 
light-receiving surfaces of a quarter-split photosen- 
sor 9. The quarter-split photosensor 9 has four light- 
receiving surfaces defined by a pair of lines crossing 
perpendicularly to each other. Based on this focused 
laser beam, the cylindrical lens 8 generates an astig- 
matic beam. When the focused laser beam irradiated 
on the optical disk 5 by the objective lens 4 is in focus, 
the cylindrical lens 8 irradiates spot light SP of a true 
circle, as shown in Fig. 2(a), on the quarter-split pho- 
tosensor 9. When the focused laser beam is out of fo- 
cus, the cylindrical lens 8 irradiates ellipsoidal spot 
light SP as shown in Fig. 2(b) or 2(c) on the quarter- 
split photosensor 9. This spot light SP has an ellipsoi- 
dal shape in the diagonal direction of the elements of 
the photosensor 9. The S polarized light reflected by 



the PBS 6 passes through a detection lens 10, form- 
ing a spot on two light-receiving surfaces of a half- 
split photosensor 11. The two light- receiving surface 
of the photosensor 11 are defined by the line that bi- 

5 secting the entire light-receiving surface of the pho- 
tosensor 11. The quarter-split photosensor 9 photo- 
electrical^ converts individual portions of the spot 
light on the four light-receiving surfaces into electric 
signals and supplies the electric signals to a focus er- 

10 ror detector 12. Based on those received electric sig- 
nals, the focus error detector 1 2 produces a focus er- 
ror signal (FE) and sends the error signal to an actua- 
tor driver 13. The half-split photosensor 11 photoelec- 
trically converts individual portions of the spot light on 

15 the two light-receiving surfaces into electric signals 
and supplies the electric signals to a tracking error de- 
tector 14. Based on those received electric signals, 
the tracking error detector 14 produces a tracking er- 
ror signal (TE) and sends the error signal to the ac- 

20 tuator driver 1 3. The actuator driver 1 3 produces a fo- 
cusing drive signal to move the objective lens 4 in ac- 
cordance with the focus error signal, and produces a 
tracking drive signal to also move the objective lens 
4 in accordance with the tracking error signal. The ac- 

25 tuator driver 1 3 sends those drive signals to an actua- 
tor 15. The actuator 15 moves the objective lens 4 
along the optical axis in accordance with the focusing 
drive signal, and moves the objective lens 4 in the ra- 
dial direction of the recording tracks in accordance 

30 with the tracking drive signal. 

Fig. 3 illustrates the structure of an error signal 
generator 20, which comprises the aforementioned 
quarter-split photosensor 9, half-split photosensor 1 1 , 
focus error detector 12 and tracking error detector 14. 

35 The tracking error detector 14 will be described 

first. 

The half-split photosensor 11 comprises two in- 
dependent elements 11a and 11b whose photoelectri- 
cally converted outputs are supplied to a differential 

40 amplifier 14a that constitutes the tracking error de- 
tector 14. The differential amplifier 14a produces a 
difference between the photoelectric conversion out- 
puts from the elements 11a and 11b as the tracking 
error signal (TE). The bisecting line for the two ele- 

45 ments of the half-split photosensor 1 1 optically match- 
es with the track direction of the disk. When the laser 
beam is on a track, the amounts of light at the two 
light-receiving surfaces are equal to each other. 
When the laser beam is off a track, there is a differ- 

50 ence between those light amounts at the two light- 
receiving surfaces. 

Now the focus error detector 1 2 will be described. 
The quarter-split photosensor 9 comprises four 
independent elements 9a to 9d, which are located ad- 

55 joining to one another with two split lines L<\ and L 2 as 
boundaries. One of the lines, L 1( is parallel to the track 
direction. The photoelectric conversion outputs of the 
elements 9a and 9c, symmetrical to each other with 
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respect to the center of the light-receiving surfaces O 
of the quarter-split photosensor 9, are added by an 
adder 21. Likewise, the photoelectric conversion out- 
puts of the elements 9b and 9d, also symmetrical to 
each other with respect to that center O, are added 5 
by an adder 22. The added outputs of those adders 
21 and 22 are supplied to a differential amplifier 23 re- 
spectively via variable resistors VRa and VRb. The 
differential amplifier 23 computes the difference be- 
tween the signals supplied via the variable resistors 10 
VRa and VRb and sends a signal representing that 
difference to a low- pass filter (hereinafter, referred to 
as LPF) 24. The LPF 24 extracts a signal with a lower 
frequency than a predetermined cutoff point fc 
among the signal supplied from the differential ampli- 15 
f ier 23, and sends the low-frequency signal to an ad- 
der 25. Further, the photoelectric conversion outputs 
of the elements 9a and 9c are supplied to an adder 26 
respectively via variable resistors VRc and VRd, and 
the photoelectric conversion outputs of the elements 20 
9b and 9d are supplied to an adder 27 respectively via 
variable resistors VRe and vRf. The adder 26 adds 
the signals received via the variable resistors VRc 
and VRd and sends a resultant sum signal to a differ- 
ential amplifier 28. The adder 27 adds the signals re- 25 
ceived via the variable resistors VRe and VRf and 
sends a resultant sum signal to the differential ampli- 
fier 28. The differential amplifier 28 computes the dif- 
ference between the signals from the adders 26 and 
27, and sends a signal representing that difference to 30 
a high-pass filter (hereinafter, referred to as HPF) 29. 
The HPF 29 extracts a signal with a higher frequency 
than the predetermined cutoff point fc among the sig- 
nal supplied from the differential amplifier 28, and 
sends the high-frequency signal to the adder 25. 35 

The adder 25 adds the signals from the LPF 24 
and HPF 29, and produces a resultant sum signal as 
the focus error signal (FE). The characteristics of the 
LPF 24 and the HPF 29 are complementary to each 
other, and the cutoff point fc is set sufficiently low 40 
with respect to the servo band such that the point 
may not affect the servo loops; for example, fc is set 
to about 10 Hz. On the low-frequency side, the focus 
balance is adjusted by the variable resistors VRa and 
VRb. On the high-frequency side, the level control is 45 
effected by the variable resistors VRc to VRf so that 
the levels of the outputs of the four elements become 
the same. 

In the focus error detector 12, as described 
above, the photoelectric conversion outputs of every 50 
diagonally adjoining two of the four elements are add- 
ed by the adders 21 and 22 (adders 26 and 27) re- 
spectively, and the difference between the results of 
those two additions is acquired by the differential am- 
plifier 23 (differential amplifier 28), thus generating a 55 
focus error component. When the focused laser 
beam is in focus, the spot light of a true circle as 
shown in Fig. 2(a) is formed on the quarter-split pho- 



tosensor 9. Therefore, the result of the addition of the 
photoelectric conversion outputs of one diagonal pair 
of elements among the four elements equals the re- 
sult of the addition of the photoelectric conversion 
outputs of the other diagonal pair of elements, and 
the focus error component becomes "0". When the fo- 
cused laser beam is out of focus, the ellipsoidal spot 
light as shown in Fig. 2(b) or 2(c) is formed on the 
quarter-split photosensor 9. Therefore, the result of 
the addition of the photoelectric conversion outputs of 
one diagonal pair of elements differs from the result 
of the addition of the photoelectric conversion outputs 
of the other diagonal pair of elements. Thus, the fo- 
cus error component output from the differential am- 
plifier 23 (differential amplifier 28) has a value corre- 
sponding to that focus deviation. 

The thus produced focus error component is tem- 
porarily separated into a low-frequency component 
and a high-frequency component by the LPF 24 and 
HPF 29. At this time, as the focus error component 
has a relatively long fluctuation period, it is extracted 
as a low-frequency component by the LPF 24. There 
may occur a crosstalk component or noise which is 
produced by the signal superimposition when a beam 
spot traverses the tracks in a special mode, such as 
a scan or still mode. As the crosstalk component has 
a relative short fluctuation period, it is extracted as a 
high-frequency component by the HPF 29. Those 
crosstalk component and focus error signal compo- 
nent are added by the adder 25, yielding a final focus 
error signal (FE). Therefore, the above-described fo- 
cus error detector can generate a focus error signal 
(FE) which is free of the crosstalk component or high- 
frequency noise which is superimposed on the re- 
corded signal when a beam spot traverses the tracks 
in a special mode, such as a scan or still mode. 

In the above-described conventional optical pick- 
up apparatus, however, the crosstalk component may 
not be properly separated and extracted in some cas- 
es due to the phase shift of the filters themselves 
such as LPF 24 and HPF 29, which are used to extract 
the crosstalk component. Accordingly, the conven- 
tional apparatus cannot always produce a focus error 
signal free of such a crosstalk component. 

It is therefore an object of the present invention 
to provide an optical pickup apparatus which produc- 
es a focus error signal free of a crosstalk component 
that is generated when a beam spot traverses the 
tracks. 

To achieve this object, according to the present 
invention, there is provided an optical pickup appara- 
tus comprising a light source for generating a single 
read beam; an optical system for separating, from the 
read beam, a reflected beam that is the read beam re- 
flected at a recording medium; a beam splitter for sep- 
arating the reflected beam into a tracking beam and 
a focus beam; and error signal generating means for 
receiving the tracking beam and the focus beam and 
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generating a tracking error signal and a focus error 
signal, the error signal generating means including a 
first photosensor for receiving the tracking beam, a 
second photosensor for receiving the focus beam via 
an astigmatic beam generating element, a tracking er- 
ror detector for producing a difference between out- 
puts of those elements of the first photosensor which 
are aligned perpendicular to a track direction, as the 
tracking error signal, synthesizing means for synthe- 
sizing outputs of the individual elements of the first 
photosensor through a predetermined operation, and 
a focus error detector for adding an output of the syn- 
thesizing means to a difference between outputs of 
those elements of the second photosensor which are 
arranged on respective diagonal lines, yielding the fo- 
cus error signal. 

In the optical pickup apparatus of this invention, 
a signal obtained by synthesizing the outputs of the 
individual elements of the tracking servo photosensor 
is added to a signal representing the difference be- 
tween the output of the diagonally arranged elements 
of the focus servo photosensor and that of the other 
diagonally arranged elements, and the resultant sig- 
nal is used as the focus error signal. 

Fig. 1 is a diagram illustrating the structure of an 
optical pickup apparatus; 
Figs. 2(a), 2(b) and 2(c) are diagrams showing 
different shapes of a beam spot on the light- 
receiving surfaces of a photosensor; 
Fig. 3 is a diagram illustrating the structure of an 
error signal generator in the optical pickup appa- 
ratus; 

Fig. 4 is a diagram illustrating the structure of an 
optical pickup apparatus embodying the present 
invention; 

Fig. 5 is a diagram illustrating the structure of an 
error signal generator in the optical pickup appa- 
ratus of this invention; 

Fig. 6 is a diagram illustrating the structure of an 
error signal generator according to another em- 
bodiment of this invention; and 
Fig. 7 is a diagram illustrating the structure of an 
error signal generator according to a further em- 
bodiment of this invention. 
Preferred embodiments of the present invention 

will now be described referring to the accompanying 

drawings. 

Fig. 4 illustrates the structure of an optical pickup 
apparatus embodying the present invention. 

This optical pickup apparatus in Fig. 4 is the same 
as the one shown in Fig. 1 , except for an error signal 
generator 20A, which comprises a quarter-split pho- 
tosensor 11 A, a focus error detector 1 2A and a track- 
ing error detector 14A. Therefore, the description of 
the other identical portions will not be given below. 

Fig. 5 illustrates the constitution of the error sig- 
nal generator 20A in the optical pickup apparatus of 
this invention. 



The quarter-split photosensor 11A and the track- 
ing error detector 14Awill be described first. 

The quarter-split photosensor 11 A comprises 
four elements 11Aa to 11 Ad which are independent to 

5 one another. The individual photoelectric conversion 
outputs from the elements 11Aa and 11Ab of the 
quarter-split photosensor 11 A are added by an adder 
41. The individual photoelectric conversion outputs 
from the elements 11 Ac and 11 Ad are added by an ad- 

10 der 42. The sum outputs of those adders 41 and 42 
are supplied to a differential amplifier 14a. The differ- 
ential amplifier 14a computes the difference between 
the signals from the adders 41 and 42 and produces 
a signal representing the difference as a tracking er- 

15 ror signal (TE). The output of the adder 41 is equal to 
the photoelectric conversion output of the element 
11a of the half-split photosensor 11 in Fig. 3, and the 
output of the adder 42 is equal to the photoelectric 
conversion output of the element lib of this half-split 

20 photosensor 1 1 . In other words, the constitution hav- 
ing the quarter-split photosensor 11 A and the track- 
ing error detector 14A has the same function as the 
constitution that has the half-split photosensor 11 and 
tracking error detector 14 shown in Fig. 3. 

25 Next, the focus error detector 12A will be descri- 

bed below. 

The individual photoelectric conversion outputs 
from the quarter-split photosensor 11Aare supplied 
to the focus error detector 12Aas well as the tracking 

30 error detector 1 4A. The photoelectric conversion out- 
puts of the elements 11Ab and 11Ad of the quarter- 
split photosensor 11Aare supplied to an adder 43 re- 
spectively via variable resistors VR1 and VR2. The 
photoelectric conversion outputs of the elements 

35 11Aa and 11 Ac of the quarter-split photosensor 11 A 
are supplied to an adder 44 respectively via variable 
resistors VR3 and VR4. The adder 43 adds the sig- 
nals supplied via the variable resistors VR1 and VR2 
and sends a resultant sum signal to a differential am- 

40 plif ier 45. The adder 44 adds the signals supplied via 
the variable resistors VR3 and VR4 and sends a re- 
sultant sum signal to a differential amplifier 45. The 
differential amplifier 45 computes the difference be- 
tween the signals from the adders 43 and 44 and sup- 

45 plies a resultant difference signal to a capacitor C1. 
The capacitor C1 eliminates a DC component from 
the signal from the differential amplifier 45 and sends 
a resultant signal to an adder 46. The photoelectric 
conversion outputs of elements 9a and 9c of a quar- 

50 ter-split photosensor 9 are sent to an adder 47, and 
the photoelectric conversion outputs of the other ele- 
ments 9b and 9d of the photosensor 9 are sent to an 
adder 48. The adder 47 adds the photoelectric con- 
version outputs from the elements 9a and 9c and 

55 sends a resultant sum signal to a differential amplifier 
49. The adder 48 adds the photoelectric conversion 
outputs from the elements 9b and 9d and sends a re- 
sultant sum signal to the differential amplifier 49. The 
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differential amplifier 49 computes the difference be- 
tween the signals from the adders 47 and 48 and sup- 
plies a resultant difference signal to the adder 46. The 
adder 46 adds the signals, respectively supplied from 
the capacitor C1 and the differential amplifier 49, and 
produces a resultant sum signal as a focus error sig- 
nal (FE). 

In the above-described focus error detector 12A, 
a focus error component is produced by the structure, 
which comprises the quarter-split photosensor 9, the 
adders 47 and 48 and the differential amplifier 49, a 
crosstalk component is extracted by the structure, 
which comprises the quarter-split photosensor 11A 
for detection of a tracking error, the adders 43 and 44, 
the differential amplifier 45 and the capacitor C1 , the 
focus error component and crosstalk component are 
added by the adder 46, and the resultant signal is out- 
put as the focus error signal (FE). 

According to this invention, the crosstalk compo- 
nent contained in the focus error signal is extracted 
from the photosensor for the detection of a tracking 
error and is then eliminated. This invention can there- 
fore provide a focus error signal (FE) from which the 
crosstalk component is eliminated more effectively 
than done by the optical pickup apparatus which ex- 
tracts the crosstalk component from the focus error 
component through filters. 

Incidentally, the photoelectric conversion outputs 
of one diagonal pair of elements among the four ele- 
ments of the quarter-split photosensor 11 A are added 
by the adder 43 and the photoelectric conversion out- 
puts of the other diagonal element pair are added by 
the adder 44 in the focus error detector 12Ain Fig. 5, 
the addition of photoelectric conversion outputs is not 
limited to this particular type. The combination of ad- 
ditions may arbitrarily be altered in accordance with 
the aberration of the detection lens 7 and the cylin- 
drical lens 8 or the rotation deviation between the 
quarter-split photosensor 11 Afor tracking errordetec- 
tion and the quarter-split photosensor 9 for focus er- 
ror detection. For some disks, the amount of crosstalk 
may be small, in which case the crosstalk should not 
necessarily be eliminated. In the focus error detector 
12A in Fig. 5, the DC component is removed from the 
output of the differential amplifier 45 by the capacitor 
C1 so that the output of the differential amplifier 45 
is sent to the adder 46 under the same condition as 
the output of the differential amplifier 49 which con- 
tains no DC component. The capacitor C1 may be 
omitted, in which case a DC component should be su- 
perimposed on the output of the differential amplifier 
49. 

Fig. 6 illustrates the structure of the error signal 
generator 20A according to another embodiment of 
this invention designed in view of the above points. 

In the diagram, the outputs of the variable resis- 
tors VR1 to VR4 are respectively supplied to fixed 
contacts c of changeover switches SW1 to SW4. The 



outputs from movable contacts a of the switches SW1 
to SW4 are supplied to an adder 50 and the outputs 
from movable contacts b of those switches are sup- 
plied to an adder 51 . The outputs of the adders 50 and 

5 51 are designed to be supplied to the differential am- 
plifier 45, and the combination of additions to extract 
the crosstalk component can be altered by properly 
switching the switches SW1 to SW4. For instance, 
when the switches SW1 and SW4 are set to the mov- 

10 able contacts a and the switches SW2 and SW3 are 
set to the movable contacts b, the output of the dif- 
ferential amplifier 45 becomes (output of 11 Ab + out- 
put of 11 Ac) - (output of 11 Aa + output of 11 Ad). With 
those switching states, the difference between the 

15 result of the addition of the photoelectric conversion 
outputs of the adjoining two elements and the result 
of the addition of the photoelectric conversion outputs 
of the other adjoining two elements is obtained to ex- 
tract the crosstalk component. The differential ampli- 

20 f ier 45 obtains the difference between the results of 
the additions in the adders 50 and 51 in the constitu- 
tion of Fig. 6. It should be noted, however, that the dif- 
ferential amplifier 45 may be changed to an adder, 
with an inverting amplifier or the like connected tothe 

25 output of the adder 50 or 51. Further, in the apparatus 
shown in Fig. 6, a switch SW5 is connected to the out- 
put of the differential amplifier 45 so that opening of 
this switch SW5 disables the crosstalk eliminating 
function. Furthermore, a predetermined offset vol- 

30 tage is applied via a resistor R1 and a switch SW6 to 
the output line of the differential amplif ier49 to super- 
impose a DC component on the output of the differ- 
ential amplifier 49. This switch SW6 functions in an in- 
terlocked manner with the switch SW5, so that the 

35 switch SW6 is also open when the crosstalk elimina- 
tion is not effected. 

Although the photosensor for tracking error de- 
tection has four light-receiving surfaces in this em- 
bodiment, the photosensor is not limited to this quar- 

40 ter-split type, but may be accomplished by a half-split 
type photosensor. 

Fig. 7 illustrates the constitution of the error sig- 
nal generator 20A according to a further embodiment 
of this invention which is adapted for the case where 

45 the photosensor for tracking error detection is a half- 
split photosensor. 

The structure in Fig. 7 can eliminate that cross- 
talk component appearing on the focus error signal 
which is in phase with the outputs of two elements 

50 11a and lib of the half-split photosensor 11. 

As described above, the optical pickup apparatus 
embodying this invention is designed to extract a 
crosstalk component based on the signal from the 
photosensor for tracking servo to thereby eliminate 

55 the crosstalk component from the focus error signal. 
This invention can therefore produce a focus error 
signal from which the crosstalk component is effec- 
tively eliminated without any influence of the phase 
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shift of filters themselves, which is inevitable in the 
optical pickup apparatus that separates and extracts 
the crosstalk component through the filters. 



Claims 

1. An optical pickup apparatus comprising: 

a light source for generating a single read 
beam; 10 

an optical system for separating, from said 
read beam, a reflected beam that is said read 
beam reflected at a recording medium; 

a beam splitter for separating said reflect- 
ed beam into a tracking beam and a focus beam; 15 
and 

error signal generating means for receiv- 
ing said tracking beam and said focus beam and 
generating a tracking error signal and a focus er- 
ror signal, 20 

said error signal generating means includ- 
ing a first photosensor for receiving said tracking 
beam, a second photosensor for receiving said 
focus beam via an astigmatic beam generating 
element, a tracking error detector for producing a 25 
difference between outputs of those elements of 
said first photosensor which are aligned perpen- 
dicular to a track direction, as said tracking error 
signal, synthesizing means for synthesizing out- 
puts of the individual elements of said first pho- 30 
tosensor through a predetermined operation, and 
a focus error detector for adding an output of said 
synthesizing means to a difference between out- 
puts of those elements of said second photosen- 
sor which are arranged on respective diagonal 35 
lines, yielding said focus error signal. 

2. The optical pickup apparatus according to Claim 
1 , wherein said predetermined operation consists 

of addition or subtraction, and said synthesizing 40 
means includes selecting means for arbitrary se- 
lecting said addition or said subtraction for each 
of said elements of said first photosensor to per- 
form a synthesizing operation. 

45 

3. The optical pickup apparatus according to Claim 
1, wherein said first photosensor comprises four 
independent elements. 

4. The optical pickup apparatus according to Claim 50 
1, further comprising a capacitor for eliminating a 

DC component from said output of said synthe- 
sizing means. 
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